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CMOS Image Sensor Oversaturation Protection Circuit 

Field of the Invention 

The present invention relates generally to electronic image sensors, and 
more particularly to CMOS image sensors. 

Background of the Invention 

Electronic image sensors are widely used to produce video and 
photographic images. CMOS image sensors are typically used in lower-cost applications, 
while CCD image sensors are widely used in higher cost applications. CMOS image 
sensors offer the ability to integrate the pixel sensors and related circuits on a single 
substrate, which lowers the costs of CMOS image sensors as compared to CCD image 
sensors. However, CMOS image sensors are subject to oversaturation when imaging 
very bright objects (such as the sun). Oversaturation of the CMOS image sensor may 
result in very bright objects appearing dark instead of bright within the picture. 

An appreciation of the present invention and its improvements can be 
obtained by reference to the accompanying drawings, which are briefly summarized 
below, to the following detailed description of illustrated embodiments of the invention, 
and to the appended claims. 

Brief Description of the Drawings 

FIGURE 1 is a schematic diagram of an example CMOS image sensor 
having an oversaturation protection circuit used in accordance with the present invention. 

FIGURE 2 is a schematic diagram of an example CMOS pixel used in 
accordance with the present invention. 

FIGURE 3 is a schematic diagram of an example sampler circuit used in 
accordance with the present invention. 


1 


Detailed Description of the Preferred Embodiment 

In the following detailed description of exemplary embodiments of the 
invention, reference is made to the accompanied drawings, which form a part hereof, and 
which is shown by way of illustration, specific exemplary embodiments of which the 
invention may be practiced. These embodiments are described in sufficient detail to 
enable those skilled in the art to practice the invention, and it is to be understood that 
other embodiments may be utilized, and other changes may be made, without departing 
from the spirit or scope of the present invention. The following detailed description is, 
therefore, not to be taken in a limiting sense, and the scope of the present invention is 
defined only by the appended claims. 

Throughout the specification and claims, the following terms take the 
meanings explicitly associated herein, unless the context clearly dictates otherwise. The 
meaning of "a," "an," and "the" includes plural reference, the meaning of "in" includes 
"in" and "on." The term "connected" means a direct electrical connection between the 
items connected, without any intermediate devices. The term "coupled" means either a 
direct electrical connection between the items connected, or an indirect connection 
through one or more passive or active intermediary devices. The term "circuit" means 
either a single component or a multiplicity of components, either active and/or passive, 
that are coupled together to provide a desired function. The term "signal" means at least 
one current, voltage, or data signal. Referring to the drawings, like numbers indicate like 
parts throughout the views. 

CMOS image sensors typically comprise pixel cells (i.e., pixels) that are 
arranged in an array. Each pixel typically comprises a reset circuit and a photodiode, 
which are used to produce a pixel signal level in accordance with the intensity of incident 
light. In operation, the reset circuit is used to charge the pixel to a highest level. 
Exposure of the photodiode to light causes the photodiode to produce a stray current, 
which reduces the charge of the pixel over time. Thus, the pixel signal level is integrated 
by exposing the pixel to light. The amount of integration is dependent upon the intensity 
of incident light upon the pixel and the sensitivity of the pixel. 

Additionally, many CMOS image sensors generate pixel signal levels for 
each pixel by subtracting an integrated pixel signal level from a sampled reset level of the 
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same pixel. In practice, the reset level is sampled shortly after the pixel has been reset. 
A storage element (such as a capacitor) is used to store the sampled reset level. Ideally, 
the sampled pixel level represents the level of the pixel when it has been reset to the 
highest level. The pixel is allowed to integrate for an exposure period. After the 
exposure period, the integrated pixel signal level is sampled (by a storage element such as 
a capacitor). The integrated pixel signal level is subtracted from the sampled reset level 
to produce the pixel signal level. For example, imaging a brighter object would cause a 
greater difference between the integrated pixel signal level and the sampled reset level, 
and imaging a dimmer object would cause a smaller difference between the integrated 
pixel signal level and the sampled reset level. 

However, oversaturation may occur where incident light that is too strong 
causes the pixel to integrate appreciably from the time of reset until the time that the reset 
level is sampled. This reduction of the sampled reset signal adversely reduces the 
effective range of the pixel signal level because largest possible difference between the 
integrated pixel signal level and the sampled reset level is also reduced. Accordingly, 
brighter objects (which are represented by greater differences) will appear to be dimmer 
as a result of the reduced difference. In extreme cases (such as when imaging the sun 
directly), the pixel signal level will be at a black level despite the fact that a bright object 
is being imaged. 

An oversaturation protection circuit in accordance with the present 
invention monitors an output column line that is associated with a pixel to determine 
whether the pixel is oversaturated after being reset. If the pixel is oversaturated after 
being reset, the level of the pixel is determined by measuring the difference between a 
first reference voltage and the integrated voltage of the pixel. The first reference voltage 
is selected to be the same as or greater than the unsaturated reset level of the pixel. If the 
pixel is not oversaturated after being reset, the level of the pixel is determined by 
measuring the difference between the voltage of the column line shortly after reset and 
the integrated voltage of the pixel. 

The oversaturation protection circuit comprises a detector that is used to 
monitor the pixel. The detector may comprise a comparator. The comparison level used 
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by the detector to detect the oversaturation level is selected to be the same as or slightly 
lower than the unsaturated reset level of the pixel. 

FIGURE 1 is a schematic diagram of an example CMOS image sensor 
having an oversaturation protection circuit used in accordance with the present invention. 
Oversaturation protection circuit 100 comprises a plurality of pixels 110. Pixels 110 are 
arranged in columns such that each column is associated with a sampler circuit (120). 
One or more sampler circuits 120 can be associated with detector 130. The output of 
detector 130 is coupled to logic gates XI -X7. The outputs of logic gates are coupled to 
the sampler circuits (120) that are associated with detector 130. 

In operation, each individual pixel 110 provides an integrated voltage in 
response to the light that impinges each individual pixel 1 10. (The operation of pixel 1 10 
is more fully described below with reference to FIGURE 2.) Each individual pixel 110 
drives the associated column line in response to a column select line. Detector 130 is 
arranged to monitor an associated column line to determine whether an associated pixel 
(1 10) is oversaturated. 

Logic gates XI -X7 are arranged to provide a signal (or signals) for 
selecting a reference voltage to be used by sampler circuit 120. In various embodiments, 
alternative logic, such as Demorgan equivalents, can be used to achieve the same purpose 
for logic gates XI -X7. 

The sampler circuit (120) that is associated with column line is arranged to 
sample the voltage levels on the column line. If the associated pixel (110) is 
oversaturated, the associated sampler circuit uses a first reference voltage for sampling 
the reset level of the pixel. If the associated pixel (110) is not oversaturated, the 
associated sampler stores the reset level that is generated within the associated pixel 
(1 10) as a second reference voltage. 

FIGURE 2 is a schematic diagram of an example CMOS pixel used in 
accordance with the present invention. The figure illustrates pixel 110, which is used to 
provide an output signal on associated column line in response to received light from an 
image. Pixel 110 comprises transistors M0-M2, and light-sensitive diode Dl. In an 
example embodiment, transistors Ml and M2 are configured as switches (although other 
arrangements are possible). 
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In operation, pixel 1 10 is reset (i.e., initialized) to a predetermined voltage. 
Node reset is driven high, which turns on transistor M2 such that node A is driven to the 
voltage of node vreset. Subsequently node reset is driven low, which turns off transistor 
M2. At this time, pixel 110 is "integrated" by exposing diode Dl to light for a certain 
exposure time. The voltage at node A is decreased in response to light that impinges 
diode Dl during a certain exposure time. A certain exposure to light results in a reduced 
voltage at node A, while a lesser exposure to light results in a less reduced voltage at 
node A. Accordingly, the amount of decreased voltage of node A represents the desired 
(i.e., non-inverted) signal voltage. The desired signal voltage plus the resulting voltage 
of node A (i.e., the integrated voltage) equals the voltage of node vreset. 

Transistor MO buffers the integrated voltage and applies the buffered 
integrated voltage to transistor Ml. Transistor Ml applies to be buffered integrated 
voltage to an associated column line in response to a column select signal being asserted. 

FIGURE 3 is a schematic diagram of an example sampler circuit used in 
accordance with the present invention. Sampler circuit 120 is arranged to sample the 
voltage of an associated column line using a reference voltage that is selected in response 
to the output of comparator. In an embodiment, sampler circuit 120 is arranged as a 
correlated double sampler circuit. Sampler circuit 120 comprises switches SW1-SW6 
and capacitors CS and CR. 

In operation, sampler circuit 120 produces the desired (non-inverted) 
signal voltage by subtracting the integrated voltage (which is present on the column line) 
from the selected reference voltage. The integrated voltage is sampled on capacitor CS 
by closing switch SW1 at the end of the integration period. Switch SW1 is opened after 
capacitor CS receives a charge that is proportional to the integrated voltage. 

The selected reference voltage is sampled by closing either switch SW2 or 
SW3 shortly after the end of the reset period. Either switch SW2 or SW3 is closed in 
response to the output of detector 130 (i.e., which indicates whether the pixel 110 is 
oversaturated). When switch SW2 is closed, the selected reference voltage is produced 
by pixel 110 at node A. When switch SW3 is closed, the selected reference voltage is 
driven to the voltage of node vhi. The voltage at node vhi is typically a voltage that is 
similar to the positive side of the power supply. 
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Switch SW3 is closed if the reference voltage that is produced at node A is 
subject to being integrated (due to the highly bright objects) even shortly after being 
reset. If pixel 110 is oversaturated, the reference voltage would be integrated (which 
would result in an erroneously low reference voltage). The erroneously low voltage 
causes the difference between the sampled integrated voltage and the erroneously low 
reference voltage to be reduced. Accordingly, the signal level is reduced, which renders 
the pixels of highly bright objects to be erroneously dim. 

Detector 130 monitors the reference voltage produced on a column line to 
determine whether the reference voltage falls below the voltage on node vrefcom. In 
various embodiments, the voltage on node vrefcom may be programmable or fixed. In 
another embodiment, detector 130 may be configured to detect the presence of an 
excessive slew rate of the column line that would indicate integration of the column line. 

The closed switch (i.e., either switch SW2 or SW3) is opened after 
capacitor CR has been charged to the selected reference voltage. 

The desired signal voltage is determined by closing switches SW4-SW6 
(after both capacitor CS has been charged to the integrated voltage and capacitor CR has 
been charged to the selected reference voltage). Closing switches SW4-SW6 produces a 
voltage at node vcm that is proportional to the desired signal voltage. The signal 
produced at node VCM may be conveyed using either single-ended or differential modes. 

Various embodiments of the invention are possible without departing from 
the spirit and scope of the invention. For example, detector 130 may be configured to 
provide the status of the oversaturation to a plurality of samplers 120 of adjacent 
columns. Providing for the status to samplers 120 of adjacent columns allows the 
number of detectors 130 to be reduced, which reduces costs and power consumption. 
The column lines of "unmonitored" columns can be terminated using gates of dummy 
transistors within detector 130 so that the parasitics of the column lines are relatively 
matched. 

The above specification, examples and data provide a complete description 
of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and scope of 
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the invention, the invention resides in the claims hereinafter appended. 
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